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integrations are conducted using Monkhorst-Pack grids of special points. A (6 × 6 × 1) kpoint grid is used for the (2 × 2) surface cell. The H 2 and O 2 molecules are calculated in a 20 × 20 × 20 Å 3 box. The Brillouin-zone integrations are performed using the Gamma-point only grid. The convergence criterion for the electronic self-consistent loop is set to 10 -4 eV.
And the atomic structures are optimised until the residual forces are below 0.01 eV Å -1 . The adsorption energy of *O on the surface is calculated according to the broadly used equation:
Where E tot is the total energy of surface with the surface intermediate Absolute ethanol is of analytical grade and purchased from Chem-Supply. All chemicals are used as received without any further purification.
Preparation of S-Co/CNS and Co/CNS Catalysts
In a typical synthesis method, 3.0 mmol of Co(NO 3 ) 2 ·6H 2 O is dissolved in 20 mL of Milli-Q water (18 ), then 6 mmol of NaOA is added to the mixture; 30 mL n-hexane and 20 mL ethanol are further added to the above mixture. and finely grounded. This finely grounded powder is calcinated at 500 °C at a heating rate of 10 °C min -1 under continuous Ar flow and hold for 3 h in a tubular furnace. After that, the material is allowed to cool down at room temperature and washed with copious water by centrifugation at 12000 rpm for at least five times followed by absolute ethanol. At the final step, the black powder is dried at 60 °C for 24 h and named as S-Co/CNS. Pure cobalt nanoparticles (NPs) supported on carbon nanosheet (Co/CNS) is also prepared using the similar procedure without any sulfur source (Na 2 SO 4 ). In the FTIR spectra of Co(OH) 2 /OA, the peak located at 3631 and 489 cm -1 can be assigned as the characteristic non-hydrogen bonds (O-H) stretching vibration and Co-O bending vibrations in Co(OH) 2 . 4 On the other hand, the peak intensity drops at the position 1557 cm -1 compared to pure OA indicates the formation of cobalt-oleate complex. 5 Also, the peak at 3007 cm -1 related to vinyl C-H stretching further confirms the successful preparation of Co(OH) 2 /OA precursor. Based on the detected gas during calcination, the formation of S-Co/CNS can be proposed through the following reactions which are merely consistent with the literature elsewhere. 6 Na-OA + Co(NO 3 ) 2 ·6H 2 O → Co(OA) 2 + NaNO 3 + H 2 O (1)
Characterisations

S8
C + Na 2 SO 4 → Na 2 S + CO +CO 2 (4) As shown in Fig. S7 , after 12 hour OER test, the S 2-states bonded with the Co surface still exist, which indicates that the good stability of S-Co/CNS catalysts.
